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THE  PREPARATION  AND  PROPERTIES  OF  TRIFUUOROMSFHOXy 
SUliFURPENTAPLUORIOB  CF^OSP^  AND 
CIS-BIS (TRIFLUOROHBTHOXy )T£TRAPUU0RC8ULFUR( VI )  (  CF^O )2SF^ 

By 

lieonard  C.  Ounoan^  and  George  H.  Cady 


\,  ABSTRACT 

Trifluoronethoxy  sulfurpentafluorlde  and 

oi8-bi8(tx-ifluoronethoacy}tetrafluoroeulfur(VI)  were  prepared 

by  the  ultraviolet  irradiation  of  gaaeoue  mixturee  of 

with  either  CF^OF  or  CF^OOCF^.  The  products  have  been 

characterized,  and  the  structurea  confizeied  by  OMiaB,  infrared 

and  nuclear  magnetic  resonance  spectra. 


(1)  Presented  at  the  Northwest  Regional  Nesting  of  the 
American  Ghemicail  Society, ^un9(2^  962. 


(2) 


Trifluoromthyl  hypofluozlte  oan  b«  adde4  aerosa 
double  benda  with  oleavage  at  the  0-F  bond  to  yield.  In  the 
ease  of  ethylene  CF^OGHgCH^r  and  In  the  oaae  of  oarbonyl 

(2)  0«  H.  Cady,  Abstraeta,  XFU  International  Oongreaa  of 
Pure  and  implied  Chamlatry. 

(^)  J,  A,  c.  Alllaon  and  0*  H,  Cady,  J*  Amer,  Oieeu  Soe. , 

§1,  1089  (1959). 

a 

fluoride,  CF^OOCP^  Zt  haa  now  been  found  that  trlfluoro* 

(t)  R.  S.  Porter  and  0.  H«  Cady,  Ibid.,  22*  3828  (1957). 

methyl  hypofluorlte  alao  can  be  added  to  aulfur  tetrafluorlde 
to  give  trlfluaromethoxy  aulfurpentafluorlde  Cla-bla(trl- 

(5)  Ihla  oonpound  haa  been  reported  by  0.  Paaa  and  H.  L. 
Roberta,  Znorg.  Chen.  2,  1016  (1965). 

fluDroaethoxy)tetrafluoro8Ulfur  (VZ)  la  also  produoed. 

SZPBRSIBNTAL 

g 

Materlala  •  Trlfluoronethyl  hypofluorlte  waa 


(6)  K.  B,  Kellogg  and  0.  H.  Cady,  J.  Amer.  Chen.  Soo,, 
3986  (1948). 


(3) 


obtained  as  the  pxvduot  of  a  flow  reaction  of  oaxbon  nonoadde 
and  fluorine  at  390  *C.  Bia-trifluox'oaeth.yl  peroxide  ^  was 
prepared  by  paaalng  etreana  of  fluorine  and  carbon  monoxide 
through  a  "catylltio''  flow  reactor  ^  with  the  flow  rateei 
t  l/1ir»  Yg  and  2.7  1/hr.  00.  She  products  of  this  reaction 
were  collected  in  a  trap  held  at  -l8?*.  The  oeroxide  was 
refined  by  punping  the  product  mixture  under  viouns  throve  a 
train  consisting  ofi  (l)  a  .79  m  length  of  90  :im  tubing 
packed  with  granulated  soda  line.  (2)  a  trap  held  at  -78*. 
and  (9)  a  trap  held  at  -185*.  The  Fg.  CF^OF.  OOg.  'uid  OOFg 
present  in  the  crude  material  were  absorbed  by  the  soda  lima. 
The  water  and  oxygen  fonaed  in  the  soda  lima  colman.  a'.ong 
with  CF^OOCF^  and  CP|^.  then  passed  through  the  trap  at  <78* 
where  water  was  condensed,  then  to  the  trap  at  -l69*  wher  >  the 
peroxide  was  deposited  while  the  CF^  and  0^  present  passed  on 
to  the  vacuum  pmap.  The  CF^OOCF^  obtained  in  this  manner  wis 
used  without  further  purification.  Sulfur  tetrafluoride  was 
supplied  by  B.  Z.  du  Font  de  Hmaown  and  GO*.  Zoo.  and  wts 
used  directly  from  the  cylinder. 

Waaetions  -  Bquimolar  amounts  of  gaseous  CF^OF  and 
SFj|  were  introduoed  into  a  three-liter  Fyrex  bulb  to  a  tttal 
pressure  of  252  nn.  A  quarts  glass  finger  containing  a  w.ter 
cooled  Banau  t.5  watt  meroury  arc  lagp  projected  u.v.  ligt.'- 
into  the  bulb.  After  Irradiation  for  three  days  the  voJntile 
produots  were  condensed,  and  separated  by  fractional  oodlsti  - 


(4) 


lation  lh«7  were,  in  order  of  deoreaeing  volatility. 


(7)  0.  H,  Cady  and  D.  P,  Slegeaspth,  Anal,  Ohea,,  21* 
(1959). 


CFjOP,  SIF^,  OOFg,  SOgFg,  SOFg.  CF^OOCF^,  CFjOSFg,  (CF^OgSF^, 
and  a  email  amount  of  a  still  leas  volatile  material  whloh  was 
not  Identified,  All  oi*  the  above  sUbatanoes,  except  the  laat 
three,  were  Identified  by  thcrlr  oheraeterlatlo  Infrared  m;>eotra« 
The  yield  of  CF^OSF^  was  approxlaately  10^,  and  that  of  (CF^0)2SFj^ 
about  Bi  of  that  th'ioretloally  poaelble  from  the  amount  of  SF^^ 
used, 

A  mixture  of  equimolar  amounts  of  OF^OF  and  SF|^,  with 
a  total  preaaurr;  of  4o8  am  was  heated  In  a  1,5  !•  nlokel  reaotor 

o 

Whloh  haa  been  previously  deeorlbed  •  The  pressure  was 


(8)  Mayne  P,  Van  Hater  and  0,  R,  Cady,  J.  Amar,  Oban,  Soo, , 

§2,  'i005  (1960), 


reoordad  at  frequent  teaperature  Intervals  and  It  waa  found 
that  the  pressure  of  the  mixture  Inoreaaed  In  dlreot  proportion 
to  the  absolute  tenperattire  tg)  to  150*,  Above  this  temperature 
iihe  pressure  vs,  temperature  ourve  "flattened”,  Indloatlng  a 
reaotlon  whloh  caused  a  decrease  In  the  number  of  moleoules. 

The  product  contained  GF^OSF^  and  (CF^0)2SFj^,  but  the  yields 
were  small. 


(9) 


Th«  b«st  yield  (About  35^)  of  GF^GSV^  wm  obtaiiMd 
by  the  roaotion  of  2.3  g.  of  OF^(tf  and  2«5  8«  of  Sf^  in  a  5  oo 
Nonel  tube  held  at  100*  for  a  week.  The  yield  of  (CF^0)2SF^ 
vaa  negligible  in  thla  oaae« 


CP^OSr^  and  (0F^0)2SFj^  were  both  obtained  In  about 
10^  yielda  from  the  ultraviolet  Irradiation,  at  room  teagwrature, 
of  an  e<iulnolar  gaaeous  mixture  of  CF^OOCF^  and  SF^  with  a 
total  pressure  of  500  nm  in  a  3  1«  vessel* 

general  methods  -  Infrared  soeotra  were  studied  using 
a  Perkln-Elmsr  Model  21  Infrared  Speotrometer  with  a  sodium 
ohlorlde  prism*  The  gaseous  samples  ware  oontalned  In  a  10  cm 
glass  cell  with  silver  ohlorlde  windows*  M«M.JL  aneotra  were 
obtained  through  the  use  of  a  Varlan  Model  t311B  high  resolution 
q>eotromater  with  a  40  megaoyole  oscillator*  Maas  sneetra  were 


recorded  using  a  Consolidated  Engineering  Corporation  type 


21-103  mass  qpeotrometer*  Vanor  densities  were  detenslned 
using  a  glass  bidb  of  258  ml*  volmss*  liquid  densities  were 
found  using  a  single  oaplUary  pyonometer*  Melting  points  were 
obtained  by  warming  the  solids  slowly  In  a  closed  5  mm  o*d* 

Fyrex  tube  oontalned  In  a  oold  Iso-pentane  bath*  Vapor  pressures 

g 

were  detenlned  using  a  method  previously  described  * 

ftqpertles  of  tjlQuorqmethoxg  jHaibnwntafl^  - 
Ssperlmental  measurements  gave  an  average  weight  of 

213*4  ooai>ared  to  a  moleoular  wel^t  of  212*1  oaloulated  for 
CF^OSF^*  The  density  of  liquid  CF^OSF^,  as  dstemlned  at  five 
temperatures  In  the  range  -30*  to  -5*  (see  table  (l))  gave  an 


(6) 


extrapolated  density  at  0*  of  1.772  g/oo*  and  a  volune  ooeffl* 
eient  of  expansion  at  0*  of  2.>2  x  lO*^.  Ihe  ebaerved  melting 
point  was  *143.0  *  .3*0.  Vapor  presaures.  shown  In  Table  2, 
Indloated  a  boiling  point  of  *ll.0*»  a  molar  heat  of  vaporisa¬ 
tion  of  5.84  koal. ,  and  a  Trouton  constant  of  22.3  e.u.  The 
experlnantal  data  fit  the  expression  *■  *^.t^7§7  x  io3^ 

7.7485. 

Tbble  (1) 

Densities  of  GF^OSV^ 

-29.5  -25.3  -19.5  -11.9  -4.5 

1.869  1.672  1.851  1.821  1.790 

Table  (2) 


Vapor  Freasurfjs  of  CF^OSF^ 


Pbbi. 

Teqp.  *X. 

Van. 

Teiqp,  ^ 

47.5 

214.3 

378.9 

246,7 

76.2 

217.9 

419.4 

248.8 

102.2 

222.6 

466.3 

251.1 

137.8 

227.W 

513.6 

252.8 

171.9 

231. 

553.9 

255.0 

206.8 

234.6 

602.1 

256.8 

232.4 

237.1 

650.2 

258.5 

262.6 

239.3 

687.0 

259.8 

294,4 

241.6 

717.7 

260.9 

341.0 

244.3 

754.4 

262.0 

(760,0) 

(262.2) 

Temp.  • 
l>bnblty.  g/oe 


(7) 


The  Infrared  apeetrup  at  2  and  10  am* 
contained  strons  bands  at  1275  om**^  (7o8tu)*  1238  om~^  (8*07m,)« 
and  1198  om*^  (8*34  \l)  due  to  the  CF^-0  erovp.  The  strong 
bands  at  934  on*^  (lO.TOn)  and  at  834  em*^  (ll*70|i)  were 
attributed  to  the  SF^-  groig>«  L»  H«  Cross*  et  al  ^  have  shown 

(9)  U  H«  Cross*  C«  CuBlilng*  and  B*  L.  Roberts*  Spectre*  Ghem* 
Acta**  ji*  344  (1961). 

that  in  oonpeunds  oontalnlng  the  SF^*  group*  Intense  absoxptlon 
bands  ooeur  in  the  region  from  850  to  920  onT^*  and  V*  A*  Shap- 
pard  has  fomd  that  the  lower  limit  of  this  region  may  be 

(10)  V*  A*  Sheppard*  J*  Amer*  Cham*  Soo**  8j^  3064  (1962)* 

extended  to  820  om”^*  Xt  appears  from  the  epeotrun  of  CF^OSF^ 
that  the  upper  limit  of  this  region  must  be  extended  to  at 
least  935  on*^«  Xt  is  believed  Uiat  the  strong  bond  at  698  om*^ 
(I4*30ii)  is  also  due  to  the  SF^  group*  This  band  is  within 
the  -SF^  absorption  region  706  om*^  for  SF^Cl^  and  690  om*^  for 
SF^^^»  The  week  band  oentered  at  759  omT^  (I3*l6u)*  and  the 

(11)  C*  I*  Nemil  and  a*  K.  Cady*  to  be  published* 

strong  band  at  990  asT^  (10*10  ix)  were  not  assigned*  The  mass 
speotma  of  CF^OSF^  above  mass  nund)er  44  included  in  order  of 
decreasing  intensity*  the  following  ionst  Sl^*  GF^*  SOF^*  cn^* 
SF?*  SFa*  S:^*  SQF'^*  S^Fe*  and  SF?*  The  nuolear 


(8) 

resonance  speotrum  of  this  ooopound  has  been  shown  in  another 

IP 

publloatlon  to  be  that  e^qpeoted  for  the  struoture  CF^OSf^* 

(12)  C*  !•  Herrlll,  S.  N*  Williamson,  0*  B.  Ca^y,  and  D. 

J.  Znors.  Chenu,  1,  21?  (1962). 

Srlfluoromethoxy  sulfurpentafluorlde  is  colorless 
and  low  in  reactivity  as  mlidtt  be  espeoted  from  its  similarity 
to  a  saturated  perfluoro  ether  l!he  was  aeoosplished 

(13)  A.  N.  Lovelace,  D.  A«  Raush,  V.  Postelntic,  "Aliphatic 
fluorine  Compounds",  Amarioan  Chemleal  Sooiety  Nsnognqph 
Series  138,  Reinhold  PbbUshlng  Oo.  New  Tork,  New  Tovk 
1958. 

on  the  products  of  the  fusion  of  a  known  quantity  of  the  eoqpound 
wltti  an  excess  of  soditan.  founds  sulfur  13*0^,  fluorine  70,2^>. 
Theoretleali  sulfur  15* l^*  fluorine  71*2^. 

Properties  of  eiB-bi8(trifluoroiaethoxy)tetrafluoro- 
(w^)  -  Moleoular  wti^t  detexvlnatlone  save  <ui  average 
valus  of  278.2  (toeoretieal,  278.1).  Dsnaitles  at  four  teopex^ 
atures  shown  in  Table  3  oorrespond  to  a  volmie  eoefflolent  of 
expansion  at  0*  of  1.85  x  lo"^. 

Ttble  (3) 

Densities  of  (0f^0)2SF^ 

0.0  9.7  20.2  35.2 

1.851  1.818  1.781  1.732 


Temp.  * 

Osnalty  s/oe 


(9) 

nie  aaltimg  point  of  this  ooopound  tma  not  found.  Zn  all 
attempts  tho  natarlal  beoame  a  glass  when  cooled  below 
Vapor  pressures  shotm  in  table  (4)  indicate  a  heat  of  vapori* 
sation  of  6.89  koal/nole»  a  normal  boiling  point  of  29.1** 
and  a  Troubon  constant  of  22*8  e.u.  The  data  fit  the  expression 

X  10^  7.8661. 

Table  (4) 

Vfi^or  Pressures  of  (0F^0)2S>'j^ 


Plan 

Tsnp.  *K. 

Pnm 

Temp. 

52.8 

246.1 

449.5 

288.9 

107.6 

258.5 

40?,  4 

291.8 

137.6 

263.2 

537.5 

21J3.4 

171.9 

267.4 

574.8 

295.1 

214.1 

272.1 

607.4 

296.5 

250.2 

275.5 

647.2 

298.2 

281.9 

278.1 

681.4 

299.4 

308.8 

280.1 

706,6 

300.) 

339.2 

282.2 

736.9 

301.6 

375.0 

284.6 

750.2 

302.0 

413.6 

286.7 

(760.0) 

(302.2) 

The  infrared  spectnas  of  (07^0)28?!^  had 

strong  bends  at  127?  om”^  (7.85m>}*  1242  om”^  (8.05ii),  and  1146 
on"^  due  to  the  C9^  group.  The  strong  absorptions  at  935  om*^ 
(10.69|x)*  840  cm*^  (ll.89u.}»  and  712  onT^  (14.0311)  weM  attri¬ 
buted  to  the  group.  Another  strong  absorption  occurred  at 
972  ooT^  (I0.28|i).  The  fSSS&  apaotrun  vras  due  to  the  following 


(10) 


ions,  in  order  of  decreasing  intensityi  CV^,  SFg, 

SOf^,  S^l^,  SOV^,  OOP^,  and  SF^.  The  SF^  peek.  OAss  127. 
was  weak  in  relative  intensity,  and  was  attributed  to  a  trace 
inpurity  of  CF^OSF^  in  this  sanple. 

The  ooQpound  is  colorless  and  does  not  react  with 
water  at  room  tenperature.  A  saqple  stored  over  a  10  M. 
sodiUB  hydroxide  solution  for  three  Months  ehowed  no  reaction, 
and  another  sample  showed  no  change  on  being  contacted  with 
oaloiuD  at  100*  for  an  hour.  The  analysis  was  carried  out  on 
the  products  of  the  reaction  of  this  material  with  molten 
potassiw.  Found!  sulfur  11.6^.  fluorine  67.8^  Theoretical! 
sulfur  11.3''>.  fluorine  68.3;'.  The  F^^  n.m.r.  spectrum  of 
cis*bls(trifluoromethoxy’)tetrafluorosulfur(Vl)  at  to  megacycles 
was  studied.  The  part  of  the  q^otrum  due  to  F 

atoms  bound  to  the  sulfur  is  a  aynsetrioal  group  of  fourteen 
bands,  each  of  which  is  split  seven  times.  Zf.  in  this  molecule, 
the  trifluoromethoxy  groqps  were  trans.  all  of  the  SFj^  fluorine 
atoms  would  be  e<2Uivalent.  yielding  a  single  resonance,  split 
seven  times  by  the  six  neighboring  CF^  fluorines.  Zt  is  evident 
from  this  spectrum  that  the  two  trifluoromethoxy  groups  must 

Ik 

be  in  a  cis  configuration  .  giving  rise  to  two  diffeimnt 
(It)  Jean'ne  M.  Shreeve  and  a.  R.  Cady.  J.  Aner.  Chem.  Soc.. 

tset  (1961). 


pairs  of  fluorine  atoms  bound  to  the  sulfur.  Zn  order  to  show 


(11) 


that  the  experimental  epeotrum  was  actually  that  of  a  ola-dlaub- 
atltuted  derivative  of  SVg,  a  theoretical  epeotrum  was  calcu¬ 
lated  for  an  model  using  a  generalised  seven  spin  mnur. 
progrem^^*  It  was  found  that  the  computed  spectrum  could  be 

(15)  Program  provided  by  X.  B.  Viberg 

matched  to  the  experimental  SP^  portion  of  the  spectrum 

using  a  chemical  shift  Av  of  15%3  cps  {%BS  fpa) 
and  a  apln  coupling  constant  of  146.0  cps.  Ihe  CF^  portion 
of  the  spectnxB  was  shifted  Av  ■  3*700  cps  (1425  Ppm)  to  higher 
field  strength.  Spin  coupling  constants  between  the  OF  and 
SF  atosm  were  ^2  ^  *  9  ops. 

It  is  interesting,  that  in  this  case  of  "addition" 
of  GF^OOCF^  to  sulfur  tetrafluoride.  exclusively  the  cis-produot 
is  fonsed.  This  ols-oonfiguration  hM  also  been  shown  to  be 
preferred  orientation  in  the  foxnation  of  tetrafluorobis-fluoro* 
sulfonato  sulfur  VI  and  bi8-(pentafluorosulf0xo)  sulfurtetra- 
flttoride. 


(16)  C.  2.  Merrill  and  0*  R.  Oady*  J*  Amer.  Cheeu  Soc..  ^ 
912  (1963). 


